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ABSTRACT: Seasonal variation of physico-chemical parameters were studied at five different stations at Shimoga
region, south of India. Surface water samples were taken and collected from river in and around of Bhadravathi town,
Shimoga and analysed for temperature (°C), pH, conductance, TS, TDS, TSS, turbidity, hardness, total alkalinity, D.O.,
NO3-, Cl -, Ca +2 and Mg +2,. One of the sites (SP3) found to be moderately polluted due to over anthropogenic
disturbance. The results were considered for correlation analysis and it was observed that many of the parameters bear a
good positive correlation and some are showed negative correlation among the sampling points of the study area.
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I. INTRODUCTION

Water is one of the major primary driving forces for physical, chemical and biological changes throughout the world
(Boyd, 2000). Water plays a key role in ecosystem. Due to increased human activity, water pollution is widely
spreading throughout the world. Begum and Harikrishna,(2008) studied the quality of water in some streams of
Cauvery river at Mandya district, Karnataka, India and observed some significant variation in physico-chemical
parameters at different stations. Freshwater is a limited resource, which is very essential for all living organisms and
also for different uses of mankind, agriculture, industry and domestic purposes (Bartram and Balance, 1996). The
healthy condition of the aquatic system depends upon its physical, chemical and biological characteristics which
actually fluctuate with season and degree of pollution (Cairns and Dickson, 1971). The quality of water is vastly
deteriorated due to unscientific waste disposal and improper waste management. Increased anthropogenic activities in
and around water bodies damage the quality of aquatic systems and ultimately the physico-chemical properties of water
(Mona and Mandhanya, 2012).

The review of literature showed that the knowledge on the ecology of the Bhadra river, Shimoga district and the scope
for better utilization of the water resource. With this consideration, in the present study more importance was given for
assessing the physico-chemical properties and its present status in these areas, which provide baseline information for
the status of water for further usage of mankind.

Il. MATERIALS AND METHODS

Description of the study site: A preliminary survey of the Bhadra River was done using the Toposheet 48 O/9 and 48
0/10. The study has been conducted in the downstream of Bhadra River, which flows 186 km from the origin and
meets with Tunga River. The survey covered five villages on both right and left banks of the river, namely: BRP
(Bhadra Reservoir Project), 13°42'.00" N latitude and 75°38'.20" E longitude, Sunnadahalli 13° 82'.17" N, and 75°
71'51" E Bhadravathi 13° 52' N and 75° 40' E, Baballi 13°57'18.99"N and 75°42'53.62"E and Thallikatte 13° 53'
59.99"N and 75° 43' 2.88" E(fig 1). The river water is found to be moderately polluted in and around Bhadravathi area
due to discharge of effluents from industries, in addition to that indiscriminate use of river water for various domestic
activities like, washing clothes, utensils, cattle and heavy vehicles, etc. slaughter house waste is also dumping into the
Bhadra river at Bhadravathi.
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Fig. 1 Map showing the study area of five sampling sites at Bhadra river

Sample Collection and Physico-chemical Analysis: Water samples collected in clean polythene containers every
month from March 2011 to April 2012, during the early hours between 7.00 to 9.00 am.: Temperature is recorded on
the spot using Centigrade thermometer. Physico-chemical parameters like pH (pH meter), conductivity (Conductivity
meter), TDS (gravimetric method), total hardness, Ca hardness, Mg hardness (titrimetric method), total alkalinity
(phenolphthalein and methyl orange alkalinity), Dissolved Oxygen (Winkler’s method), Chloride, (Silver nitrate
(AgNO3) method), phosphate (spectrophotometer, Venedomolybdate method) and Nitrate (Brucine-sulphate method)
was estimated using standard methods APHA (2005).

I1l.RESULTS OF THE PHYSICO-CHEMICAL PARAMETERS

Physico-chemical parameters of water in the rivers enable us to understand the suitability of the water for the aquatic
life, functioning of the ecosystem and its utility for human welfare. Assessment and analysis of the significant abiotic
factors are important for better ecological understanding of the water bodies. It is a well established fact that the aquatic
life is influenced or governed by the physicochemical status of water bodies, which intern determines the functioning,
health and homeostasis of the ecosystem. The physico-chemical characteristics of the waters are also instrumental in
establishing the diversity of aquatic species. In this context, an attempt has been made in the present investigation to
know the water quality of Bhadra ecosystem.

The results of the Physico-chemical analysis of the five sampling sites of Bhadra river during different seasons are
presented in Table 1 to 3. The results obtained have been subjected to SPSS — ANOVA. The results of various physico-
chemical parameters are detailed as below.

IV.DISCUSSIONS

Water temperature is an important parameter because it influences the biota in water body by affecting activities such
as behavior, reproduction and metabolism. It is necessary to study temperature variation in water body, because water
density and oxygen content are temperature related and hence temperature indirectly affects osmoregulation and
respiration of the animal (De, 2002). The maximum temperature was recorded during pre-monsoon (27.82 + 0.11°C) at
SP3 (Table 1) and the minimum was recorded in monsoon (18.12 + 0.07) at SP1. The fluctuations of the water
temperature in different seasons are due to atmospheric conditions, location, time of collection and some other
environmental effects.
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Table 1. Seasonal fluctuations in physico-chemical parameters of Bhadra river during Pre-monsoon.

Sl Parameters Pre-Monsoon F-value | P<0.05
No.
SP1 SP2 SP3 SP4 SP5
1. | Temperature(°C) 18.86 + 0.07 20.00+£0.08 | 27.85+0.11 27.15+0.10 27.00£0.10 2199.4 0.00
2. | pH 7.34+0.07 7.22+£0.07 5.70 £ 0.06 7.33+0.07 7.44 +0.06 112.4 0.00
3. | Turbidly (NTU) 3.00 £ 0.05 3.10 £ 0.05 7.00+£0.10 3.70 £ 0.06 5.84 + 0.09 622.0 0.00
4. | EC(mhos/cm) 71.57 £ 0.82 70.50 £ 0.81 | 300.03+3.44 | 150.53+1.73 160.50 + 1.82 2256.7 0.00
5. | Total solids (mg/l) 223.1+£17.78 | 300.1+23.94 | 280.1£22.35 | 243.0+19.36 2441 +£19.48 2.27 0.13
6. | TSS(mg/l) 170.2+ 1256 | 190.1+14.01 | 180.1+13.27 | 180.1+13.27 190.1 + 14.01 0.39 0.81
7. TDS(mg/l) 3945+ 147 50.11+ 1.86 40.00 £ 1.49 34.44 +1.28 38.40+1.43 14.66 0.00
8. | Chloride (mg/l) 14.03 £ 0.90 15.44+0.99 | 15.22+0.98 12.08 £ 0.78 11.08£0.71 4.81 0.02
9. | Total hardness (mg/l) 27.08 £1.49 27.08+1.49 | 29.08+1.60 28.08 £ 1.55 30.09 + 1.66 0.71 0.61
10. | Total alkalinity (mg/l) 57.25 +1.58 50.23+1.39 | 33.02+0.91 58.22+1.61 66.24 + 1.83 70.23 0.00
11. | Nitrate (mg/l) 2.10+0.28 5.22+0.70 10.40+1.39 11.36 £ 1.52 10.40 £ 1.39 12.14 0.00
12. | DO(mg/l) 8.24 £ 0.34 7.56+£0.31 4.10£0.17 7.25+0.30 7.23+0.30 30.23 0.00
13. | Phosphate (mg/l) 0.002 + 0.00 0.040+0.002 | 0.051+0.001 | 0.081+0.002 0.031+0.002 311.0 0.00
14. | Calcium (mg/l) 5.30+£0.26 5.38+0.26 5.91+0.28 5.38+ 0.26 6.29 £0.30 2.50 0.11
15. | Magnesium (mg/l) 6.56 + 0.48 7.56 +0.55 9.00 +0.66 6.90 £0.51 7.50 £0.55 2.85 0.08
Note: All the parameters are expressed in mg/l except Temperature, pH, Turbity and EC.
SP1 (BRP) - Bhadra Reservoir Project, SP2 (SH)-Sunnadahalli, SP3 (BV) - Bhadravathi, SP4 (BB)-Baballi, SP5
(TK)-Tallikatte
Natural water usually has pH between 6.0 and 8.5. Changes in pH together with conductivity of a water body can
indicate the presence of certain pollutant (Dwivedi and Santoshi, 2004). The seasonal variations of pH did not show
any significant variation in the sampling sites except Bhadravathi site. Such type of variation in pH value has been
reported by Deviprasad et al., (2009): Smitha et al., (2013), in wetlands of Mysore. Maximum turbidity value was
recorded at BV site (7.71 + 0.11 NTU) during monsoon; while the least was observed at BB site (2.32 £ 0.04 NTU) in
post-monsoon season (Table. 3). High values of turbidity in monsoon may be due to influx of rain water in the
catchment area, cloudiness, less penetration of light, washes, silt, sand and high organic matter and low transparency
due to suspended inert particulate matter. Similar results have been reported by Narayana et al., (2008).
Table 2. Seasonal fluctuations in physico-chemical parameters of Bhadra river during monsoon.
Sl Parameters Monsoon F-value | P<0.05
No.
SP1 SP2 SP3 SP4 SP5
1. | Temperature(°C) 18.12 £ 0.07 20.00 £ 0.08 21.05+0.08 21.08 £ 0.08 21.95+0.08 356.8 0.00
2. | pH 7.65 £ 0.08 7.11+£0.07 7.63 £ 0.08 7.61+0.08 7.88 £ 0.08 13.59 0.00
3. | Turbidly (NTU) 5.00 £ 0.07 5.70 £ 0.08 7.71+£0.11 6.72 £ 0.10 6.88 £ 0.10 123.6 0.00
4. | EC(mhos/cm) 71.60 £ 0.82 84.01 + 0.96 185.60 £2.11 | 100.03+1.16 | 110.63+1.27 | 1108.1 0.00
5. | Total solids (mg/l) 290.8 + 23.15 290.1+23.15 | 320.8+25.58 | 260.8+20.80 | 265.8 +21.21 1.10 0.41
6. | TSS(mg/l) 247.2 +£18.19 250.0+18.43 | 290.1+21.38 | 222.1+16.36 | 220.1+16.21 241 0.12
7. | TDS(mg/l) 43.67 + 1.62 45.66 + 1.70 45.44 +1.69 42.64 +1.58 49.60 + 1.84 2.48 0.11
8. | Chloride (mg/l) 12.89 + 0.83 11.22 £0.72 10.55 + 0.68 14.80 £ 0.95 20.79 £ 1.34 19.37 0.00
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9. | Total hardness (mg/l) 33.83+1.79 33.83 +1.86 36.66 + 2.02 30.82 + 1.70 30.89 £ 1.70 1.80 0.21
10. | Total alkalinity (mg/l) 50.00 + 1.38 43.03+£1.19 56.03 + 1.27 54.04 + 1.49 52.03 + 1.44 10.86 0.00
11. | Nitrate (mg/l) 3.06£041 6.10 £ 0.82 10.12+1.35 9.15+1.22 9.19+1.23 7.53 0.00
12. | DO(mg/l) 9.02 £ 0.37 7.11+£0.29 6.12 £ 0.26 7.45+0.31 7.99 £ 0.33 11.53 0.00
13. | Phosphate (mg/l) 0.001 + 0.000 | 0.020 + 0.001 0.04 £ 0.002 0.072+0.001 | 0.023+0.001 | 574.2 0.00
14. | Calcium (mg/l) 6.85 +0.33 6.83 £ 0.33 6.77 £ 0.33 6.82 £ 0.33 8.80+0.42 6.46 0.01
15. | Magnesium (mg/l) 8.36 £0.61 7.36+0.54 9.43 £ 0.69 6.99 £ 0.51 5.90+0.43 5.67 0.01

Note: All the parameters are expressed in mg/l except Temperature, pH, Turbity and EC.

SP1 (BRP) - Bhadra Reservoir Project, SP2 (SH)-Sunnadahalli, SP3 (BV) - Bhadravathi, SP4 (BB)-Baballi, SP5

(TK)-Tallikatte

Generally electrical conductivity of a river is lowest at the source of its catchments and as it flows along the course of

the river, it leaches ions from the soils and also picks up organic materials from biota and its detritus (Ferrar, 1989).

The values of electrical conductivity were found to be comparatively higher during pre monsoon (300 + 3.44pmhos/cm)

at SP3 and the values are well below during post monsoon in all the sites (Table 3). Higher conductivity value during

pre-monsoon may be due to increased rate of evaporation leading to high concentration of salts. The maximum value of

total solids was recorded (3374 26.87 mg/l) at SP1 during post monsoon. Minimum value of TSS was recorded (170.2

+ 12.56 mg/l), total suspended solids showed significant positive relation with, pH, turbidity and TS. High values of

total solids during monsoon and post monsoon is may be due to siltation, deterioration, heavy precipitation and mixing

runoff which carries mud, sand, etc., mixed in the river water. Similar such results have been reported by Salve and

Hiware (2006).

The chloride concentration is higher in organic waste and its higher level in natural water is definite indication of

pollution from domestic and industrial waste water (NEERI, 1979). The increase in chloride concentration in rivers and

dams is due to the discharge of industrial and municipal wastes reported by Chandrasekhar et al., (2003). In the present

study total hardness showed significant positive relationship with turbidity, EC, TDS and pH. It showed negative

relationship with water temperature. The maximum value was recorded (36.66 + 2.02 mg/l) at SP3 during monsoon and

minimum value was recorded (25.57 + 1.41mg/l) during post monsoon at SP2 (Table 3). In the present investigation the

maximum hardness recorded during monsoon may be due to leaching of rocks in catchment area, similar results have

been reported by Pawar and Pulley, (2005) studied on pethwadaj dam, Nanded, Maharashtra.

Table 3. Seasonal fluctuations in physico-chemical parameters of Bhadra river during Post-monsoon.
Sl Parameters Post-Monsoon F-value | P<0.05
No.
SP1 SP2 SP3 SP4 SP5

1. | Temperature(°C) 19.06 + 0.07 25.05+0.10 26.09 +0.10 27.15+£0.10 25.14+0.10 1139.6 0.00
2. |pH 7.46 +0.08 7.88 £0.08 6.44 £ 0.06 7.41+£0.08 7.39+£0.08 51.65 0.00
3. | Turbidly (NTU) 2.60 + 0.04 3.12+0.05 7.35+£0.11 2.32£0.04 3.39£0.05 1089.3 0.00
4. | EC(mhos/cm) 59.38 + 0.68 55.22 + 0.63 86.36 + 0.99 60.31 + 0.69 70.31+£0.81 264.2 0.00
5. | Total solids (mg/l) 337.1 + 26.87 320.0+25.52 | 333.1+26.55 | 330.1+26.34 | 320.0 + 25.52 0.09 0.98
6. | TSS(mg/l) 300.6 + 22.14 310.5+22.88 | 303.5+22.37 | 310.6+22.88 | 315.5+23.23 0.07 0.99
7. | TDS(mg/l) 36.44 + 1.35 37.55+1.39 46.00 £ 1.71 32.41+1.20 36.48 + 1.35 12.52 0.00
8. | Chloride (mg/l) 9.05+ 0.58 10.10 + 0.65 11.00+£0.71 8.08 + 0.52 10.08 £ 0.65 3.23 0.06
9. | Total hardness (mg/l) 2557+ 141 2557 +1.41 26.68 + 1.47 26.55 + 1.46 27.66 + 1.52 0.36 0.83
10. | Total alkalinity (mg/l) 49,75+ 1.37 64.74 £ 1.78 40.77 £1.12 63.76 £ 1.76 68.75 + 1.89 53.54 0.00
11. | Nitrate (mg/l) 1.11+0.15 4.14 £ 0.55 19.22 + 2.57 20.16 £ 2.69 19.18 + 2.56 21.00 0.00
12. | DO(mg/l) 7.19+£0.30 7.23+£0.30 5.10+0.21 7.14 £ 0.30 7.77+£0.32 12.79 0.00
13. | Phosphate (mg/l) 0.001 +0.000 0.011 +0.001 0.091 £0.000 | 0.080+0.001 | 0.090+0.003 786.8 0.00
14. | Calcium (mg/l) 5.71 £0.27 5.76 £0.28 5.87 £0.28 5.72 £0.28 6.70 £0.32 2.19 0.14
15. | Magnesium (mg/l) 7.44 +0.55 4.49 +0.33 8.54+0.63 4.77 £0.35 5.70 +0.42 13.87 0.00
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Alkalinity is a measure of, amount of strong acid needed to lower the pH of a sample to 8.3 which gives free alkalinity
(phenolphthalein alkalinity) and to a pH 4.5 gives a total alkalinity. Total alkalinity is a measure of capacity of water to
neutralize strong acid. It showed negative relationship with temperature, EC, TS and TDS. The maximum value was
recorded (68.75 £1.89 mg/l) at SP5 during monsoon (Table 2); minimum value was recorded (33.02 £ 0.91mg/l) at SP3
during pre monsoon. Nitrate is an essential nutrient but also a good indicator of contamination from natural and human
activities. In the present study nitrate ranged from 1.11 £+ 0.15 mg/I to 20.16 * 2.69 mg/l. Nitrate levels in river water
often show marked seasonal fluctuations with higher concentration being found during pre monsoon to post monsoon.
This could be due to domestic sewage, washing activities and industrial effluents. Similar results have been reported by
Smitha et al., (2007).

In the present investigation DO concentration in the river exerted a seasonal change which is accordance with
investigations of Huddar, (1995). DO showed positive relation with pH and alkalinity. It showed negative relationship
with temperature, EC and turbidity. During monsoon higher oxygen concentration of 9.02 + 0.37 recorded at SP1
(Table 2). Higher level of DO in monsoon indicated higher autotrophic activity and low organic and inorganic load.
This is in accordance with the reports of Hujare (2005). Low values of oxygen recorded (4.10 £ 0.17 mg/l at SP3
during pre-monsoon. The variations of calcium may be due to addition of sewage and surface runoff from the
catchment areas; the decrease may be due to calcium being absorbed by living organisms. The maximum values of
magnesium were recorded during monsoon (9.43 + 0.69 mg/l) at SP3 and minimum (4.49 + 0.33 mg/l) at SP2 during
post monsoon. High level of magnesium may be due to the addition of sewage waste and pollutant disposal into river
water. Similar such observations were noticed by Mona and Mandaniya, (2012) in central region, Panipat, India.

V. CONCLUSION

The result obtained during study was analyzed and it was found that maximum number of parameters were below the
desirable limit.One of the sites (BV) is moderately polluted due to high amount of organic load and direct discharge of
municipal waste to the river.
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